Metastases often develop in lymphoid organs. However, the immunologic mechanism allowing such invasion is not known because these organs are considered to be hostile to tumor cells. Here, we analyzed the interactions between tumor cells and CD8 +
Introduction
Propagation of metastatic tumor cells is responsible for 90% of human cancer deaths (1) . The spreading process often starts in tumor-draining lymph nodes (TDLN; ref. 2) . However, it is not understood why metastases can develop in lymphoid organs because these organs constitute a hostile environment for tumor cells (3) . In addition, although it is widely accepted that tumor nests constitute immunoprivileged sites (4) , there is no evidence that such local tumor immunosuppression is involved in metastatic invasion of distant organs. Loss of immunogenicity has been one putative explanation for metastasis in lymphoid organs (5) . However, recent gene expression array studies have shown that the molecular signatures of metastatic cells and primary tumor cells from which they originate are very similar in diverse cancers (6, 7) . In this respect, loss of immunogenicity is also observed at the level of primary tumor cells (5) . These data suggest that loss of immunogenicity may not be an essential step in metastasis. By studying interactions between tumor and host T cells in lymph nodes draining or not a primary tumor, we observed that tumor cells do not need to lose their immunogenicity to invade TDLN organs.
Materials and Methods
Mice, cells, and reagents. All animal procedures and husbandry were carried out in accordance with Swiss federal regulations. Nonobese diabetic severe combined immunodeficient (NOD SCID) and C57BL/6 mice were bred in house. OT-I and OT-II mice were obtained from W. Heath (University of Melbourne, Victoria, Australia). Green fluorescent protein (GFP)-labeled OT-I T cells were generated by crossing OT-I and mice with GFP-transgenic mice (kindly provided by Dr. M. Okabe, Osaka University, Osaka, Japan). For the generation of chimeric mice, donor bone marrow cells from C57Bl/B6 (H-2 b ) or DBA-2 (H-2 d ) mice were obtained from femurs and tibiae. Twenty hours after total body irradiation (1,000 rad), B6D2F1 (H-2 b Â H-2 d ) mice received 10 Â 10 6 sex-matched bone marrow cells in a lateral tail vein. Seven weeks after transplantation, H-2 phenotypes of grafted recipients were determined by immunostaining of peripheral blood cells with H-2 b -and H-2 d -specific monoclonal antibody (mAb). Reconstitution efficiency was >95% in all chimeras.
The B16F10 melanoma was kindly provided by I. Fidler (University of Texas, Houston, TX). MC38, CMT93, and EL-4 were obtained from the American Type Culture Collection.
Ovalbumin [257] [258] [259] [260] [261] [262] [263] [264] (OVA 257-264 ; SIINFEKL), OVA 323-339 (ISQAVHAAHAEI-NEAGR), and control gp33 33-41 from LCMV (KAVYNFATM) peptides were synthesized according to the F-moc strategy at the Lausanne Biochemistry Institute (Lausanne, Switzerland). Purified OVA, complete Freund adjuvant (CFA), lipopolysaccharide, peptidoglycan, poly-IC, and lipoteichoic acid was obtained from Sigma. The ODN 1826 containing CpG sequences were obtained from Coley Pharmaceuticals. Cisplatin and doxorubicin were kindly provided by P.Y. Dietrich (University of Geneva, Geneva, Switzerland). MegaFas-L, MegaTNFa, and MegaCD40-L described elsewhere (8) have been obtained from P. Schneider (University of Lausanne, Epalinges, Switzerland). H-2K b /OVA 257-264 tetramers were prepared according to Kalergis et al. (9) . For CD8 + T-cell depletion, 100 Ag of the rat anti-mouse CD8 (H35) were injected i.p. at days À8 and À5 before intralymphatic implantation and OT-I T-cell transfer, respectively. Isotype control was the rat IgG Dave II (Apotech). Fluorochrome-conjugated anti-CD4, CD8, CD44, CD69, H-2 b , H-2 d , Fas, and IFN-g were all from PharMingen. Engineering of tumor cells expressing secreted, membrane, and cytoplasmic OVA. Full-length OVA cDNA encoding for secreted OVA was kindly provided by Dr. M. Bevan (University of Washington, Seattle, WA) and subcloned into pCDNA3.1(+) (Invitrogen AG). PCDNA3.1(+)/OVA was modified to express cytoplasmic and membrane OVA. Briefly, the cytoplasmic form of OVA was obtained by PCR-created deletion of the first 45 amino acids containing the sequence necessary for OVA secretion (10) . To generate the membrane form of OVA, a PCR product containing the transmembrane and cytoplasmic part of hOX40L (hOX40L ) was generated and cloned upstream of the OVA cytoplasmic form. Tumor cells were transfected with plasmids encoding OVA by electroporation and selected with G418 (Invitrogen). A clone for B16-OVAcyt was first selected for an OVA expression close to endogenous tyrosinase by quantitative reverse transcription-PCR (RT-PCR). The selected B16-OVAcyt cell clone served as standard (OVA expression of 1) for the other OVA-expressing tumors. This B16-OVAcyt cell clone was supertransfected with human Fas cDNA subcloned into a lentiviral vector as described previously (11) . The recombinant lentivirus was produced by transient transfection of 293T cells according to standard protocols. Expression of human Fas at the surface of B16-OVA cells was determined by flow cytometry.
Quantitative RT-PCR. RNA was extracted from cells using Rneasy Midi Kit (Qiagen AG) and treated with RQ1 DNase (Promega). Quantitative RT-PCR was done as described (12) . The primer sequences for OVA were 5 ¶-TAAGGATGAAGACACACAAGCA and 5 ¶-TGATGCCACTCTAAA-TAAACCA and the probe for OVA was the amplicon obtained with the primer 5 ¶-CAGTGTGTGAAGGAACTG and 5 ¶-TTCCTCCATCTTCATGCG. The primer sequences for tyrosinase were 5 ¶-GGTCGTCACCCTGAAAATCC and 5 ¶-TCGCATAAAACCTGATGGCTA and the probe for tyrosinase was the amplicon obtained with 5 ¶-TGCTTGGGGGCTCTGAAATA and 5 ¶-TCTGCTATCCCTGTGAGTGG.
Tumor implantation. For intralymphatic implantation, 3 Â 10 3 tumor cells were injected into inguinal lymph nodes according to the procedure described (13) . Ten days after injection, mice were sacrificed and tumorinjected lymph nodes were harvested and examined under a binocular microscope for tumor take. The relative tumor burden in lymph nodes was assessed by measuring the longest (L) and smallest (l) diameters and the tumor volume was calculated with the following formula L Â l 2 Â p/6. For s.c. injection, 3 Â 10 3 or 2 Â 10 5 B16 cells were injected (14) . Subcellular fractionation of B16-OVA cells and Western blot analysis. Confluent cultures of B16-OVA cells (10 Â 10 6 ) were detached with 2 mmol/L EDTA and washed with PBS. Cells were then exposed to cold water supplemented with a cocktail of protease inhibitors (Roche) for hypotonic cell lysis. Cell lysates were centrifuged at 2,000 Â g for 10 min at 4jC for macrovesicle elimination. Cell lysates were then equilibrated with 100 mmol/L Tris (pH 7.4), 50 mmol/L KCl, 10 mmol/L MgCl 2 , and 2 mmol/L EGTA before membrane sedimentation at 100,000 Â g for 1 h at 4jC. Plasma membranes were solubilized in reducing SDS-PAGE buffer, whereas supernatants containing cytoplasm were treated with 100% trichloroacetic acid for protein precipitation. Cytoplasmic proteins were then washed twice with acetone and solubilized with reducing SDS-PAGE buffer. Total protein extracts were boiled for 5 min and subsequently separated by SDS-PAGE and transferred to polyvinylidene difluoride membranes. Membranes were blocked in PBS containing 5% nonfat dry milk and 0.1% Tween 20 overnight at 4jC. Detection was done with a rabbit polyclonal anti-OVA (Sigma) followed by a peroxidase-conjugated anti-rabbit immunoglobulin (Jackson Immunoresearch) and chemiluminescence (Amersham Biosciences).
OT-I and OT-II T-cell activation assays. For in vitro coculture experiments, CD8 + T cells from OT-I spleen and lymph nodes were purified by negative selection with a magnetic cell sorter AutoMACS (Miltenyi Biotech). Secretion of IFN-g by OT-I T cells in in vitro coculture with B16 cells was tested in a standard sandwich ELISA (R&D Systems). For in vivo experiments, 10 Â 10 6 total spleen and lymph nodes cells from OT-I or OT-II mice were labeled with 1.25 Amol/L 5,6-carboxy-fluorescein-succinimidylester (CFSE, Sigma) and injected i.v. into a lateral tail vein. In some experiments, OT-II T cells primed in vivo with a CFA/OVA challenge 14 days before transfer were used. For proliferation, lymph nodes were collected 3 days after transfer, dissociated mechanically, stained with anti-CD8 or anti-CD4 mAb, and CFSE dilution was analyzed by flow cytometry on gated CD8 + or CD4 + T cells. Fluorescence is shown on logarithmic scales. Percentage of divided parental cells and total number of daughter cells were calculated as previously described (15) . Briefly, percentage of divided cells was obtained according to the formula P = [A (n i /2i) / An i ] Â 100, and the total number of daughter cells according to the formula N = An i . In these formulas, n i is defined as the absolute number of cells for each division rank i and was calculated with the Cell Quest software (BD Biosciences). For in vivo cytotoxicity, 8 days after transfer of OT-I cells, animals were i.v. injected with a mixture of differentially CFSE-labeled syngeneic splenocytes used as target cells. Target cells labeled with 0.5 Amol/L CFSE (dull staining) were pulsed with 1 Amol/L of irrelevant peptide (K b -restricted gp33 peptide from LCMV). Target cells labeled with 5 Amol/L CFSE (bright staining) were pulsed with 1 Amol/L of SIINFEKL peptide. Eighteen hours later, DLNs were harvested and target cells were numerated by flow cytometry. Killing of SIINFEKL-pulsed target cells was calculated. For ex vivo IFN-g production, lymph node cells were incubated at 37jC for 5 h with 1 Amol/L SIINFEKL (or control peptide) and 2 Amol/L monensin. The cell suspension was fixed/permeabilized and stained with anti-CD8 and IFN-g mAb. For in vivo numeration, DLNs were dissociated mechanically. Tumors were dissociated with constant stirring for 90 min at room temperature in HBSS buffer containing 1 mg/mL type IV collagenase (Sigma) and 2 mmol/L EDTA for additional 30 min. Thereafter, CD8 staining was done and OT-I T cells were numerated by flow cytometry directly for OT-I Â GFP or after staining with the H2-K b /SIINFEKL tetramer for wild-type (WT) OT-I. Detection of endogenous helper T-cell responses. Detection of serum IgG anti-OVA and anti-2,4-dinitrophenol (DNP) was done on plates coated with OVA and DNP-keyhole limpet hemocyanin (1 Ag/well), respectively. An anti-mouse IgG conjugated to alkaline phosphatase, both kindly provided by S. Izui (University of Geneva, Geneva, Switzerland), was used. Detection of effector antigen-specific helper T cells was done as previously described (16) . Briefly, 200 Ag DNP-OVA (4/1) were injected i.p. into mice. Seven days later, mice were bled and the presence of serum anti-DNP IgG was tested by ELISA.
In situ assessment of tumor cell death. Tumors were snap-frozen in Tissue-Tek (Sakura) 18 h after treatments. Sections were immunostained with biotinylated anti-active caspase-3 mAb (PharMingen) and revealed by streptABComplex/horseradish peroxidase (DAKO) and 3-amino-9-ethylcarbazole substrate (Sigma). Images were visualized under light microscopy with Axiophot 1, captured with an Axiocam color charge coupled device camera, and treated on a Pentium III computer with axioVision software (Carl Zeiss AG). Pictures shown correspond to an original Â40 magnification.
Results

CD8
+ T cells reject B16 melanoma cells implanted in lymph nodes. We first observed that lymph nodes represent a hostile environment for tumor cell growth. Indeed, although the B16F10 melanoma cell line (B16 hereafter) grew well s.c., these cells were readily rejected when implanted into lymph nodes (Fig. 1A) . We first tried to study B16 tumor cell interaction with host T cells with the use of anti-murine gp100 CD8 + T cells from transgenic pMel-1 mice (17) . However, these transgenic T cells in a naive state were unable to detect in vivo presentation of endogenous gp100 from B16 cells (data not shown). To circumvent this problem, we introduced in B16 cells the model tumor antigen, OVA (cytoplasmic fragment 46-386). OVA mRNA expression in the selected transfected B16 clone was 30% of that of endogenous tyrosinase, an accepted tumor rejection antigen (18) , making this B16 cell clone a valuable tool to study the immunogenicity of tumor cells expressing a neo-antigen, such as OVA used here. The tumorigenicity of the selected clone was not different to that of the original B16 cell line in immunodeficient mice (data not shown). When implanted into lymph nodes, B16-OVA was rejected similarly to parental B16 cells (see below). Intralymphatic grafting of B16-OVA cells induced the proliferation of i.v. transferred OT-I T cells, specific for the immunodominant peptide of OVA, SIINFEKL, whereas no OT-I T-cell proliferation was observed in lymph nodes implanted with parental B16 cells or injected with a saline solution (Fig. 1B) . In this situation, T-cell activation was efficient because it led to the generation of cytotoxic T cells from transferred OT-I T cells in the injected lymph nodes (Fig. 1C) . SIINFEKL-specific cytotoxic T cells were also induced in animals without transferred OT-I T cells. The involvement of immune cells in the rejection of intralymphatic tumor cells was next investigated. B16 parental cells could grow better in lymph nodes from CD8-depleted mice, indicating a role for CD8 + T cells (Fig. 1D) . The absence of involvement of innate immune cells was shown by the successful intralymphatic grafting in allogeneic NOD SCID animals (Fig. 1D) . We also used in this experiment as hosts transgenic OT-I mice whose CD8 + T-cell repertoire was constituted by >90% of T cells specific for the SIINFEKL peptide. In these mice, intralymphatic B16-OVA was still rejected similarly to WT mice, but take of the parental B16 cells was observed in OT-I mice (Fig. 1E) , showing the importance of tumor antigenspecific CD8 + T cells in the rejection process. Taken together, these experiments indicate that tumoricidal CD8 + T cells are induced in the presence of tumor cells in lymph nodes, conducting to tumor rejection in this organ. CD8 + T cells are cross-activated by extralymphatic B16 tumors in TDLN. We next studied interactions of CD8 + T cells when tumor cells were growing extralymphatically. To extend our study to differently localized antigens, we generated two other OVA forms-one secreted (OVAsec) corresponding to full-length OVA and one expressed at the cell membrane (OVAmb). B16 clones expressing OVAsec and OVAmb were next selected by quantitative RT-PCR. Clones expressing OVA at 50% of B16-OVAcyt were obtained. No difference in tumor growth was observed between these three selected B16-OVA clones in vitro and in vivo after grafting in nude mice (data not shown). As expected, OVA was processed and presented onto MHC class I molecules in these clones because it induced IFN-g secretion by OT-I T cells upon in vitro coculture ( Fig. 2A) . To ensure that each form of OVA was expressed in specific cell compartments, biochemical detection of OVA was done after subcellular fractionation. OVA was found in the cytoplasm of B16-OVAcyt, the plasmic membrane of B16-OVAmb, and the supernatants of B16-OVAsec culture, respectively (Fig. 2B) . There was no detection of these forms in other cellular compartments. We analyzed the activation status of OVA-specific CD8 + T cells in TDLNs of s.c. B16-OVA. B16-OVA, when growing s.c., was detected by CD8 + T cells in TDLN (axillary and inguinal), because transferred OT-I T cells proliferated in B16-OVA-bearing mice (Fig. 2C ). Parental cells (10.5 F 1.2%) reaching a TDLN started to divide upon OVA cross-presentation from B16-OVAcyt. A significant difference was observed for the membrane and secreted forms giving lower values, 6.2 F 0.5% and 5.8 F 0.8% divided parental cells, respectively (P < 0.05). Noteworthy, these values were in the range of that obtained with CFA/SIINFEKL challenge (13 F 1%; Fig. 2D, left) . The total number of daughter cells obtained with B16-OVAcyt was 9 F 1 Â 10 2 daughter cells (Fig. 2D, right) . We evaluated the input of parental OT-I T cells to average 9 Â 10 2 cells per skin DLNs by SIINFEKL/K b tetramer staining (data not shown), indicating that the OT-I T-cell population doubled in 3 days in TDLN. In contrast to the percentage of divided cells, the values for OVA associated with B16 cells were much lower than that obtained with peptide in adjuvant (8 F 2.5 Â 10 3 ; P < 0.05). Taken together, these observations indicate that the recruitment of individual T cells to enter the proliferating pool was quite high in TDLN upon OVA cross-presentation, in the range of a peptide in adjuvant challenge; however, the generation of daughter cell was less potent. During this process, there were no major differences between the three different forms of OVA. In subsequent experiments, the cytoplasmic and secreted forms of OVA representing the less and Research. (Fig. 2E) . In this allogeneic background, transferred OT-I T cells were still reactive to SIINFEKL-pulsed target cells, excluding a putative hybrid resistance mechanism (20) that could suppress OT-I T-cell activation and thus demonstrating a cross-presentation of B16-associated antigens by host bone marrow-derived cells.
Cross-presentation of antigens from B16 extralymphatic tumors does not induce CD4 + helper T cells. We next assessed whether OVA cross-presentation in TDLN was associated with CD4 + T-cell activation. We first looked in sera of tumor-bearing mice for IgG-switched antibodies specific for OVA. Sera from 34 B16-OVAcyt-and 6 B16-OVAsec-bearing mice were tested. A barely detectable reactivity at the lowest serum dilution (1/10) was detected in B16-OVA-bearing mice compared with a challenge of OVA in CFA (Fig. 3A) . In mice bearing palpable s.c. B16-OVAcyt, the presence of OVA-specific effector helper T cells was tested by a boost with a T cell-dependent antigen (DNP) covalently linked to OVA. Seven days later, the presence of serum IgG against DNP was evaluated. Figure 3B shows that IgG against DNP could not be raised in B16-OVA bearing mice, whereas they were generated in mice initially primed with the OVA 326-339 peptide in CFA. Altogether, this indicates that tumor-associated OVA crosspresentation in TDLN is not associated with induction of effector helper CD4 + T cells. To dissect the defect in CD4 + T-cell responses against OVA associated to B16, OVA-specific TCR-transgenic OT-II T cells were adoptively transferred in tumor-bearing animals. No cell division was observed in TDLN, irrespective of the antigen subcellular localization, whereas it was observed in lymph node draining when challenged with soluble OVA in CFA (Fig. 3C, top) . The absence of OT-II T-cell activation was also observed with other s.c. growing tumors transfected with these different forms of OVA, such as the colon carcinomas CMT93 and MC38 and the T-cell lymphoma EL-4, whereas OT-I T cells always detected OVA presentation in TDLN of these tumors (Supplementary Table S1 ). The absence of OT-II T-cell activation was also observed with the lack of CD69 induction, one of the earliest T-cell activation markers (Fig. 3C,  bottom) . A similar absence of proliferation and CD69 induction was also observed when in vivo primed OT-II T cells were transferred (data not shown). In addition, OT-II T cells transferred for 8 days in B16-OVA mice were as able as cells from tumor-free mice to proliferate to a CFA/OVA challenge given proximal to the tumor site (data not shown), providing further evidence for a nontolerized naive state. We also tried to induce OT-II T-cell activation in TDLN by intratumoral manipulations (Supplementary Table S2 ). We first increased the release of OVA by inducing tumor cell death. Neither nonselective cell death induction with chemotherapeutic drugs in B16-OVA nor selective tumor cell death by injecting human Fas-L into B16-OVA tumors transfected with human Fas induced OT-II T-cell proliferation despite the fact that many tumor cells expressed the active form of caspase-3, and were therefore dying, 18 h after treatment ( Supplementary Fig. S1 ). The same was true when dendritic cell maturating agents were injected intratumorally (Supplementary Table S2 OT-I T cells in TDLN 8 days after transfer (Fig. 4A, top) . However, nearly no OT-I T cells could be detected at the tumor site by tetramer staining or with the use of GFP + OT-I + T cells so as to exclude possible TCR down-regulation at the tumor site (Fig. 4A,  bottom) . This indicates that despite proliferation, OT-I T-cell crossactivation was not complete. The abortive OT-I T-cell response was confirmed by an in vivo cytotoxicity assay because no significant SIINFEKL-specific cytotoxicity was detected in TDLN from B16-OVAcyt and B16-OVAsec 8 days after transfer (Fig. 4B) . In vivo restimulation of cross-activated OT-I T cells accumulating in TDLN was next tested. The percentage of tetramer + cells among total CD8 + T cells increased in tumor-free mice by 4-fold after a CFA/ SIINFEKL challenge proximal to the tumor site, but not in TDLN from B16-OVAcyt (Fig. 4C) . IFN-g production was also tested in an ex vivo restimulation assay with the SIINFEKL peptide. No intracellular IFN-g production was detected in OT-I T cells from B16-OVAcyt TDLN 8 days after transfer, whereas it was detected earlier, 3 days after transfer (Fig. 4D) . In this short-term restimulation experiment, naive T cells from tumor-free mice also did not produce IFN-g. We therefore tested IFN-g production after an in vivo CFA/SIINFEKL challenge on the same flank as the tumor site to discriminate between naive and unresponsive T cells. Again, no IFN-g production was observed in OT-I T cells from B16-OVAcyt TDLN, whereas it was observed in tumor-free mice. This experiment shows the inability of cross-activated OT-I T cells to reproduce IFN-g. Such inability to reproduce IFN-g was also observed with B16-OVAsec (data not shown). Taken together, these experiments indicate that cross-activated CD8 + T cells transiently differentiated into effector cells able to produce IFN-g. However, they did not fully differentiate into cytotoxic cells and were rapidly tolerized.
CD8 + T-cell cross-tolerization by s.c. tumors favors intralymphatic tumor development. The cross-tolerance described above by an established s.c. tumor may protect immunogenic tumor cells from rejection in TDLN. To test this hypothesis, we next did intralymphatic tumor cell implantation in the presence of an established s.c. tumor. In situations wherein cross-tolerization by tumor antigens was possible, intralymphatic growth was dramatically changed. Indeed, a s.c. B16 tumor enabled B16 cells to escape rejection in TDLN from WT mice (Fig. 5A) . This was also the case when a neo-antigen, such as OVA, was expressed in B16, because s.c. B16-OVAcyt prevented intralymphatic rejection of B16-OVAcyt, and s.c. B16 also protected intralymphatic B16-OVAcyt in WT. However, s.c. B16 did not protect intralymphatic B16-OVAcyt in OT-I host mice. These latter mice contained only OVA-specific CD8 + T cells. Hence, CD8 + T cell cross-tolerization by B16-derived antigens is not possible in this situation, indicating that crosstolerization was necessary to observe the protection in WT mice. In addition, there was no significant enhancement of intralymphatic B16 growth by s.c. B16 in OT-I mice (Fig. 5B) . This latter experiment excludes mechanisms independent from crosstolerization as main protective/sustaining factors in our experimental setting. Together, these experiments show that at-distance cross-tolerization of CD8 + T cells by a s.c. tumor protects tumor cells from immune destruction in TDLN.
Discussion
We showed here with the B16 melanoma cell line that lymph nodes are hostile organs for tumor cell development. In our model, B16 cells were rejected when grafted into lymph nodes, whereas they outgrew their host when implanted s.c. Take of B16 graft in lymph nodes was strongly ameliorated by depletion of CD8 + T cells and was 100% successful in SCID animals, showing that CD8 + T cells were involved in the rejection process. This is consistent with the induction of cytotoxic CD8 + T cells directed against tumor-associated antigens we observed upon lymphatic implantation of tumor cells.
Induction of antitumor cytotoxic T cells in mice-bearing lymph node tumors contrasted with the lack of effective immunity when tumors developed s.c. In this situation of extralymphatic development, tumor outgrowth was not due to host ignorance because cross-presentation of tumor antigens to CD8 + T cells was observed in TDLN. The resulting T-cell cross-activation was abortive, consistent with previous report in other mouse tumor models showing tolerance (21) or limited T-cell activation detectable in TDLN without effect on tumor growth (22) . Despite a relatively high number of cross-activated CD8 + T cells entering cell division, the total expansion was relatively low. In addition, the cells did not migrate from the TDLN and did not differentiate into cytotoxic effector T cells. In fact, cross-presentation resulted in induction of tolerance. In the B16 model used here, tolerance was achieved through T-cell anergization. In this process, CD8 + T cells transiently entered an IFN-g-producing effector state (3 days after transfer) before progressing toward an unresponsive state achieved 8 days after transfer. This process is similar to the transient effector functions described for CD4 + T cells in another tolerance system (23) . Anergic CD8 + T cells seemed to persist in tumor-bearing hosts, at least up to animal death, sacrificed in the present study when tumor size reached 1 cm 2 . The induced anergy was strong enough to resist a CFA/peptide challenge and was also complete because it affected proliferative and effector functions. In this respect, it is different from the split anergy previously reported affecting either proliferation (24) or cytokine production (25) . Notably, the anergy induction was independent of the subcellular localization of the tumor antigen. Indeed, we observed CD8 + T-cell anergy for a cellsequestered antigen (OVAcyt) as well as for a secreted antigen (OVAsec). This detection by host T cells of an antigen irrespective to its localization in tumor cells confirms a previous report also made with OVA expressed in an immunogenic tumor cell model (26) . This indicates that host antigen-presenting cells are fed with tumor-associated antigens and present them to CD8 + T cells no matter where the antigen is expressed. Hence, CD8 + T-cell anergy is likely to occur for a wide range of antigens expressed in poorly immunogenic tumors.
Antigens associated to B16 are cross-presented by host antigenpresenting cell onto MHC class I to CD8 + T cells in the apparent absence of concomitant presentation onto MHC class II. We saw this dichotomy in the study with a tumor antigen expressed at a physiologic level (30% of the tumor rejection antigen tyrosinase), as well as when this antigen is secreted by the tumor cells, when release of the antigen was increased by induction of tumor cell death or when dendritic cell maturation and trafficking to TDLN were experimentally boosted. This highlighted a profound defect for the cross-presenting dendritic cells to present antigens onto their MHC class II molecules. In this context, it is interesting to note that lymphoid dendritic cells, identified by different groups as the dendritic cell subset responsible for antigen crosspresentation (27, 28) , have been recently shown to be poorly efficient to present antigen on their class II molecules (29) . Hence, lymphoid dendritic cells may well be the dendritic cell subset cross-presenting B16 antigens in TDLN. The absence of CD4 + T-cell activation in this process is consistent with the abortive CD8 + T-cell response, knowing the strong requirement in CD4 + T-cell help for efficient priming of CD8 + T cells upon antigen cross-presentation (30) .
The anergy induced by the primary tumor via crosspresentation of tumor antigen in TDLN is required to facilitate lymphatic invasion of tumor cells. In its absence, when the antigens expressed by primary tumor cells could not be recognized by host CD8 + T cells, there was no development of tumor cells in lymph nodes. This shows that the local immunosuppression observed in the tumor nest is not acting at distance in TDLN and that antigen specificity is the dominant pathway in the protection induced by the primary tumor. In consequence, loss of immunogenicity is not absolutely necessary for metastasis. Sensitivity of metastatic cells developing in lymph nodes to T cell-based immunotherapy was clinically shown with the observed regression of metastatic lesions in melanoma patients responding to the immunotherapy (31). However, it was not known from these data whether the metastatic tumor cells were sensitive to CD8 + T-cell direct killing. Here, we show that metastatic tumor cells invading lymphoid organs may retain their ability to activate T cells and may therefore still be sensitive to CD8 + T-cell cytotoxicity. This observation has important clinical significance. It strongly suggests that immunotherapy based on the adoptive transfer of tumor-specific T cells is an attractive treatment for residual metastatic diseases.
